O r i g i n a l
Adaptation to simulator sickness in older drivers following multiple sessions in a driving simulator Mid-and low-range driving simulators raise growing interest among safety agencies worldwide. They are well suited for large-scale deployment and allow presentation of a wide range of driving contexts in a safe environment 1 . In several countries, general driving training and assessment protocols already integrate the simulator environment in their method 2, 3 and it has been argued that in certain circumstances, they provide more sensitive measures of driving efficiency than road tests [4] [5] [6] [7] [8] . Because training and retraining of older drivers is a topic of growing interest, it appears important to document more effectively how older drivers respond to simulators before simulator solutions can be implemented at a greater scale.
Currently, there are suggestions that, when exposed to a simulator environment, there is a large proportion of individuals experiencing a set of undesirable physiological reactions (headaches, nausea, paleness, etc.) known as simulator sickness 9 . There are suggestions that older drivers are more sensitive than younger individuals leading to higher attrition rate in older drivers 10, 11 . Furthermore, simulator sickness symptoms could have adverse consequences on training as it could alter the training by distracting the learner from the primary task or even encourage the learner to adopt/learn incorrect behaviors to avoid symptoms 12, 13 . For instance, a participant may choose to reduce normal head movements when driving in a simulator because head movements accentuate sickness symptoms 14 .
One hypothesis to explain motion and simulator sickness is that it arises from a sensory conflict 15 . The absence of expected sensory signals or the presence of contradictory sensory signals originating from different modalities would lead to sickness symptoms. For instance, while decelerating a vehicle, visual, vestibular and kinesthetic information specific to a deceleration are expected. In the particular case of braking into a fixed-based simulator, visual information informs 00 There is a large proportion of individuals experiencing simulator sickness symptoms (headaches, nausea, paleness, etc.). Previous studies have reported that driving in a simulator, compared to on-road driving, can alter braking responses while stopping at intersections. Here we evaluated whether altered braking responses observed in fixed-base simulators could be linked to the presence of sickness symptoms in older drivers. Older individuals participated in a 5-session training study that included a pretest, three training sessions and a post-test. We evaluated adaptation to simulator sickness through repeated exposure (5 simulator sessions). Furthermore, we assessed whether head postural instability accounted for the presence of sickness symptoms. Sickness symptoms were measured with the Simulator Sickness Questionnaire (SSQ) and a Visual Analog Scale (VAS). After the first session, half of the participants reported mild symptoms (MS, VAS score>5), and another half reported light symptoms (LS, VAS score<5). We compared sickness symptoms, braking responses and postural stability between the two groups for the first (pre-test) and last (post-test) driving sessions. During the pre-test, participants of the MS group braked earlier, showed longer time of deceleration, a greater number of pedal activations and showed increased irregularities in their deceleration profile. Participants from the MS group adapted in that, sickness symptoms reduced through exposure. During the post-test, we observed a larger decrease in variability for the MS than the LS group, but we did not find any difference regarding the braking responses per se or the head postural stability. We interpreted these results as evidence that adaptation is accompanied with a reduction of variability. Finally, we propose that a more gradual exposure to simulated environment might be required before evaluating the driving performance of individuals prone to simulator sickness.
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the driver that he is decelerating while the vestibular system does not perceive any deceleration or motion. This discrepancy between visual and vestibular signals (and certainly kinesthetic signals as well) could contribute to create the type of conflict underlying simulator sickness. The role of visuo-vestibular conflict in provoking simulator sickness was also supported by studies demonstrating that patients with bilateral labyrinthine defects resist to simulator sickness [15] [16] [17] . According to this theory, symptoms may persist until a new coupling between actions and the expected sensory consequences is established. For instance, Reason and Brand 15 suggested this could explain why navy sailors adapted to a destroyer get seasick again, and must readapt again, to the different motions of an aircraft carrier or ocean liner.
In another theory proposed by Riccio and Stoffregen 18 , the postural instability theory of motion sickness, suggests that nausea-inducing situations are characterized by novel demands on the postural control for which the participant does not possess effective strategies, which leads to instability. For example, individuals might get seasick because maintaining upright stance when standing on a wobbly ship necessitates different control strategies when compare to standing on stationary surfaces. Stoffregen et al. 19, 20 noted that postural instability can also predict visually induced motion sickness. When exposed to a visual stimulus (e.g., a small sinusoidal motion of walls in a room), participants that expressed motion sickness exhibited an increased postural motion prior the onset of sickness symptoms. Postural instability may serve as reliable predictors of motion and simulator sickness and suggests that the symptoms may persist until new patterns of motor actions are established.
Compared to on-road driving, driving in a fixedbase simulator alters some driving behaviors [21] [22] [23] .
Of particular interest to the present paper, there are studies reporting difficulties in controlling the deceleration of the vehicle in a fixed-base simulator 22, [24] [25] [26] [27] [28] . This was evidenced by the observation that drivers generally start braking earlier in a fixed-based simulator than in real-world driving. Moreover, the speed-time profiles in the simulator were characterized by clear corrections in the slope of the speed curves which resulted from participants pressing the brake, releasing the brake and letting the 'car' going at constant speed and pressing the brake again before coming to a full stop. For instance, Boer et al. 25 showed that participants exhibited constant deceleration rates when making braking-tostop maneuvers in a real vehicle whereas they showed multi modal braking profiles in a driving simulator. This also was exemplified in Siegler et al. 28 , who showed that drivers exhibited higher jerk (second derivative of the deceleration profile representing changes in deceleration) at the onset of the deceleration and higher maximal deceleration rate when driving in a fixed-based rather than in a motion-based simulator. Furthermore, at the end of the deceleration, drivers ended farther from the target when driving in the fixed-based simulator. Although these effects apparently were observed regardless of simulator sickness symptoms, it remains to be determined whether altered driving behavior observed in fixed-base simulators could be linked to the presence of sickness symptoms in older drivers.
Recently, we had older drivers who participated in a 5-session learning study in a fixed base simulator 29 . After every session, participants completed the Simulator Sickness Questionnaire (SSQ) 30 and a Visual Analog Scale (VAS) to evaluate if they felt any simulator sickness symptom. Overall, 16 participants completed the entire protocol (5 simulator sessions over a 2-week period). For these participants, we noted a dichotomy in the severity of the symptoms after the first simulation session with half of the participants reporting hardly any symptoms and the other half reporting mild symptoms.
The first goal of the present paper was to conduct a complementary analysis to determine if participants who were more sensitive to the simulator sickness exhibited different postural (documented from head movements) and braking responses than those showing less sensitivity. Second, we wanted to determine whether adaptation (reduced symptoms and action responses changes) would take place for the participants who reported more pronounced simulator sickness symptoms. To this end, participants were assigned to one of two groups according to the severity of their symptoms after the first simulator session. The present study examined if the magnitude of postural (head movements) and the irregularities of braking responses could be linked with the presence of more severe symptoms observed for the first session and if this was the case to determine the effect of repeated exposure on the sickness symptoms, the head postural responses and the braking responses.
Method
Participants
Twenty two participants (age range 65-84 years old) participated on a voluntary basis in a learning study. All participants were active and healthy drivers. Upon their arrival in the laboratory, each participant was briefed on the requirements of the experiment and all read and signed an informed consent declaration conformed to the In- 33 served to screen for impairments that might affect driving and cognition. All drivers scored 27 or higher on the MMSE and had normal or corrected-to-normal vision. They also completed the Motion History Questionnaire (MHQ) 34 and none reported previous history of motion sickness. Answers to the MHQ before the first session revealed that only one participant reported previous exposure to a driving simulator (one session, two years previous to the actual study). Before and after each experimental run, subjects completed a 10cm visual analog scale (VAS) about their nausea symptoms (0=no symptom, 10=mild nausea) and the simulator sickness questionnaire (SSQ: 16 symptoms rated on a 4-point scale: 0=absent, 1=slight, 2=moderate, 3=severe). Participants who, after the first experimental run, felt no or light symptoms of simulator sickness (VAS score<5) were included in a light symptoms group (LS) and participants who felt more pronounced symptoms of simulator sickness (VAS score>5) were included in a mild symptoms group (MS). No medication to prevent motion sickness was taken by participants prior to the simulator sessions, and none of the participants reported long lasting simulator sickness symptoms after the initial session. Out of those 22, two participants elected to stop their participation after the first practice period with the simulator. One participant completed the first session only and data for three others participants were not complete because of overheating problems in the laboratory. Data for the remaining sixteen individuals are reported herein.
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Simulator
The simulator consisted of a fixed-based opencab powered by STISIM Drive 2.0 (System Technology Inc., Hawthorne, California, USA). Images were projected on a flat wall (1.45 m highx2.0 m wide) located 2.2 m from the steering wheel using a liquid crystal display projector (Hitachi CP-X275). The projector displayed a 40° horizontal by 30° vertical field-of-view. The center of the screen was located at the eye-level through the midline of the subject. Refresh rate varied between 25-30Hz depending upon the density of the visual information displayed. During testing, ventilation was provided by a ceiling vent positioned just above the driver and, for the current study the average temperature within the room was 19.5˚C (SD=0.6).
Head movements (medio-lateral and antero-posterior displacements) were recorded using a magnetic tracker [Flock of Birds, Ascension Technology Corporation, Burlington, Vermont, USA] fixed on a head band at a frequency of 60Hz.
Procedures
Participants were exposed to five simulator sessions presented on separate days within a 14-day period (a pre-test, a post-test and three training sessions). On average, the time interval between each simulator session was 2.4 days (SD=1.7). Before the first session, participants were made aware the simulator could make them feel uncomfortable (nausea, dizziness, general discomfort, and headache). They were instructed specifically to inform the experimenter if this happened and were told to stop the simulation session before they felt discomfort or illness that could lead to emetic responses. As mentioned above, two participants elected to withdraw from the study. Before each session, participants were first asked if they were in their usual state of fitness (that is, not suffering from a cold or flu, hangover, etc.). Then, they completed the SSQ and the 10cm VAS about their nausea symptoms. Then, they were exposed to a 6km practice run (with less graphical information than the experimental scenario) serving the purpose of familiarizing subjects with the simulator. They filled a VAS score immediately after this practice before a 5min rest was provided. The experimental run followed. For the first (pre-test) and last sessions (post-test), a continuous 26km scenario of urban and rural roads with minor grade changes was presented. To comply 
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with the 40º field of view limitation of our simulator, there was no right or left-turn maneuver at intersections. Moderate curves only were presented (smallest radius of 120m). The scenario included a normal driving environment (two-way and four-way roads, intersections with stop sign or crossing light) and specific recorded instructions to overtake slower moving vehicles. Lane width and markings were according to governmental rules and speed limits and advisory signs appeared throughout the scenario. Subjects were asked to comply with local traffic laws throughout the course of the experiment. The scenario did not require any emergency braking response unless a driving error was made by the driver. Five intersections, for which drivers had to immobilize the vehicle, were included within the scenario (intersection 1 to 5). There was no car preceding the participant's vehicle at these intersections. The breaking responses at these intersections were used to test our hypotheses. Session 2 to 4 were training sessions with specific feedback on the driving performance. These training sessions varied in length from subject to subject but were shorter than the pretest and the post-test sessions (on average, 16km vs. 26km, respectively). After each experimental run, subjects completed again the VAS and the SSQ. Hence, VAS scores were taken before the practice run, after the practice run and after the experimental run; VAS scores taken after the experimental run served to evaluate simulator sickness symptoms. SSQ scores were taken before the practice run and after the experimental run.
Data analysis: Postural and braking responses
Head postural responses and braking responses for five intersections that required participants to bring the vehicle to a complete stop were analyzed. The head postural stability was calculated during a period of 40 seconds preceding each intersection. The range of motion was calculated as the area comprise within an ellipse that regrouped 95% of the head planar displacement (medio-lateral and antero-posterior head displacement; x and y, respectively). Displacement variability was calculated and was defined as the standard deviation of the resultant head planar displacement (R HD ).
To document the braking responses, four variables were measured. When approaching an intersection, participants have to estimate the time they will arrive at the stop line in order to decide when to apply the brake. The time to reach the intersection evaluates this behavior, and it is calculated as the time between the moment participants first touched the brake pedal and the arrival at the stop line if participants had maintained a constant speed. Time of deceleration is the time from the first contact with the brake pedal to immobilization of the vehicle. Smoothness of the deceleration can be characterized by the number of changes in the jerk-time profiles (second derivative of the velocity) and by the number of gas and brake pedals activation, with a smaller number of pedals activation generally indicating a smoother deceleration profile. Specifically, for each intersection, we computed the number of peaks with values exceeding 3km/h 3 in the jerk time-profile and the number of time that the gas and brake pedals were activated when decelerating. Finally, the absolute difference between the position of the vehicle (when the velocity first reached 0 km/h) and the position of the stop line was calculated (absolute spatial error). Within-participant variability (SD) also was computed on those variables.
Statistical analyses
For each group, VAS and SSQ scores were initially submitted to separate statistical analyses because participants were assigned to the LS or MS group based on their VAS score at the end of the first session (LS group, VAS<5; MS group, VAS>5). For each group, SSQ scores were submitted to a Session(five sessions)xPeriod (baseline, end of the session) analysis of variance (ANOVA) with repeated measures on both factors. Similarly, data for the VAS were submitted to a Session(five sessions)xPeriod (baseline, post-familiarization, end of the session) ANOVA with repeated measures on both factors. Because session 2 to 4 were training sessions, driving data for session 1 (pre-test) and 5 (post-test) only were analyzed. This was made necessary because driving was regularly interrupted to provide feedback about the driving performance during the training sessions. Postural variables (head movements) were submitted to ANOVAs contrasting Group(LS and MS)xSession (pre-test and post-test)xIntersection (intersection 1 to 5) with repeated measures on the last factor. For the braking responses, when data were normally distributed, they were submitted to ANOVAs contrasting Group (LS and MS)xSession (pre-test and post-test) with repeated measures on the last factor. Alternatively, when the data did not show normal distribution (e.g., number of time the gas and the brake pedals were activated), non-parametric statistic were performed (i.e., Mann-Withney U test and Wilcoxon Match-Pairs Signed rank, W test). SPSS version 13.0 was used to run statistical analyses.
Results
Adaptation to simulator sickness
Overall, it shows that scores for the SSQ and the VAS were higher for the MS than for the (Figure 1) . First, for the LS group, the ANOVA for the SSQ score showed main effects of Session:(F(4,24)=9.70, p<0.001), Period:(F(1,6)=6.91, p<0.05) and a significant interaction: (F(4,24) =4.89, p<0.01). For the VAS, none of the effects were significant (p>0.05). Overall, this confirms that the LS group experienced light symptoms across all sessions. Nevertheless, for the first two sessions, the SSQ scores were higher at the end of the sessions than at the beginning. Also, the score at the end of the session decreased gradually from pre-test to post-test (on average (F(4,24) Through repeated exposure to the simulator, the MS group showed a gradual decrease of their symptoms at the end of the session, (on average for the SSQ score, 100.7, 48.1, 31.5, 16.0, and 37.4 for the pre-test, Training session 2 to 4 and post-test, respectively). The significant increase of the SSQ score between Session 4 and posttest (p<0.05) is likely associated to the longer duration of the simulator exposure for the post-test (on average, participants drove a little more than 26km for session 5 vs. 16km only for session 4). A Group by Period comparison of the SSQ score for the post-test only showed the scores before exposure were not different between groups (on average, 7.5 and 9.3 for the LS and MS groups, respectively; p>0.05). On the other hand, at the end of the session, the MS group showed a higher SSQ score than the LS group (38.3 vs. 11.7, respectively; p<0.01). A similar analysis for the VAS showed that the scores were higher for the MS than the LS group for all three measurements (baseline, after familiarization, and end of session) and that both groups showed a small increase between the baseline and the end of the session scores (for both groups, an increase of 1.1 in the VAS from the baseline to the end of the session; p<0.05).
Head postural stability
During the pre-test, the mean area comprise within an ellipse regrouping 95% of the head displacements was of 6.8±1.6cm 2 
Figure 1. SSQ (Simulator Sickness Questionnaire) and VAS (Visual Analog Scale) scores for both groups, LS (Light symptoms group) and MS (Mild symptoms group) and for all 5 sessions; Error bars represent the between-subject standard error
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Braking at intersections Time to reach the intersection
The mean time to reach the intersection was significantly longer for the MS than the LS group, regardless of the session (Figure 2a, left panel) . On average, the participants in the MS group started braking 2 seconds earlier than the participants in the LS group. The ANOVA yielded a main effect of Group (F(1,14) =5.6, p=0.01). The main effect of Session and the interaction of Group by Session were not significant (p>0.05).
The MS group also exhibited larger variability than the LS group during the pre-test whereas no significant difference was observed between groups during the post-test (Figure 2a , right panel). This is supported by a significant interaction of GroupxSession: F(1,14)=1.4, p<0.05). Neither the main effects of Group or Session showed a significant difference (p>0.05).
Time of deceleration
Participants in the MS group had longer time of deceleration than those from the LS group for both the pre-test and the post-test (Figure 2b, The MS group also showed greater time of deceleration variability than the LS group during the pre-test. (Figure 1b, right panel) . This difference vanished during the post-test. The ANOVA showed a significant interaction of GroupxSession:F(1,14)=5.0, p<0.05). The main effects of Group and Session were not significant (p>0.05).
Spatial error
A significant reduction of the absolute spatial error between the pre-test (8.5m) and the post-test (6.5m) was noted ( Figure  2c ). This is supported by a significant main effect of Session:F(1,14)=6.9, p=0.02. Greater errors were observed at the pretest for the MS group, but this effect did not reach a significance level as both the main effect of Group and the interaction were not significant (p>0.05). The ANOVA for the variability on the spatial error showed no significant effect (p>0.05 for all effects).
Number of peaks in the jerk-time curves
When approaching an intersection, a smoother decrease of the speed implies a smaller number of peaks in the jerk-time curves. To quantify the smoothness of the braking dynamics, the mean number of peaks in the jerk-time curves and the variability in the number of peaks were analyzed (Figure 3 ). 
. Means (right column) and variability (left column) for (a) time to reach the intersection (upper line), (b) time of deceleration (middle line), and (c) absolute spatial error for both groups and for both pre-test and post-test sessions (lower line); Error bars represent the between-subject standard error; LS=Light symptoms group; MS=Mild symptoms group
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Participants in the MS group showed a greater number of peaks than the LS group both for the pre-test and the post-test sessions (Figure 4a) . The ANOVA yielded a main effect of Group:F(1,14)=6.0, p<0.05). The main effect of Session and the interaction of GroupxSession were not significant, p>0.05.
As to the variability in the number of peaks, the MS group showed a greater variability at the pretest than at the post-test whereas the LS group showed a similar variability for both sessions (Figure 4b) . The ANOVA showed a significant main effect of Session:F(1,14)=5.4, p<0.05, as well as an interaction of GroupxSession:F(1,14)=9.3, p<0.05. The main effect of Group was not significant (p>0.05).
Gas and brake during deceleration
Repeated and alternated activation of the gas and brake pedals increases the irregularities in the deceleration profile. To evaluate if the number of gas and brake pedals activation differed between the MS and the LS group during the pre-test, a rank test was performed on the total number of activations of the gas and brake pedals. A Mann-Whitney test indicated that the median value for the MS group (5.3) was greater than that for the LS group (4.0) and the two groups differed significantly (Mann-Withney U=56, p<0.05). A Wilcoxon W test for paired sample showed the MS group did not reduce the total number of pedal activations through repeated exposure (pre-test vs. post-test; W(8)=(19), p>0.05, one-tailed test).
discussion
Differences between MS and LS
In the present paper we evaluated whether older participants reporting more pronounced simulator sickness symptoms exhibited differences in their postural stability and braking responses than participants with light or no symptoms. Previously, Stoffregen et al. 20 have demonstrated that postural instability, measured as head and torso displacements when standing, preceded the appearance of motion sickness symptoms and increased with prolonged exposure to nauseogenic stimuli 35 . In the present paper, compared with the LS group, mean head range of motion and variability of the participants who expressed mild simulator symptoms showed only a weak trend toward increased instability. Large between-subject variability explained the lack of significance between groups and sessions. It is noteworthy that torso movements were restrained (if not eliminated) by the back support of the car seat, possibly enhancing head postural stability while S i m u l a t o r s i c k n e s s i n o l d e r d r i v e r s driving. As well, the driving conditions were programmed to attenuate as much as possible nauseogenic conditions (for instance, by avoiding sharp curves and hilly terrain). Furthermore, it is likely that the nauseogenic situations were self-generated by the drivers rather than resulting from the driving condition per se (for instance, through repeated activation/deactivation of the gas and brake pedals when braking at intersections). On the contrary, in Stoffregen et al. task, participants were either standing or sitting on a stool without back support and the visual stimuli aimed at increasing the nauseogenic conditions. This may explain the lack of difference in head movements between the two groups in the present study. We also ran an additional analysis (not presented in the Results section) to examine if the head movements for the entire simulation would show greater displacements for the MS group. This analysis also yielded an absence of difference between the MS and the LS group. Perhaps, asking participants to get out of the simulator and stand on a force platform at regular intervals during the simulation could allow highlighting postural instability for individuals reporting greater sickness symptoms. This would certainly deserve some thoughts if such a procedure could permit to identify individuals susceptible to report symptoms as the duration of the exposure to the simulation increases. At this point, however, our analyses of head displacements do not support the suggestion that individuals expressing greater symptoms also exhibit greater postural instability (as measured from head displacements).
Significant differences between groups emerged for the braking responses. We observed that during the pre-test, participants within the MS group started braking earlier, had longer time of deceleration and were more variable than the LS group. Because the time to reach the intersection is a measure of temporal prediction based on the visual information available, this suggests that participants who felt more pronounced symptoms had more difficulties to process the visual information presented during the simulation to estimate the time to reach the stop line. It has been proposed that one factor influencing temporal estimation in visually simulated environments is the perception of distance 36, 37 . Poorer accuracy at the stop line was noted for the MS group, but the difference with the LS group did not reach significance. The greater number of adjustments observed during the braking responses from the MS group (i.e., more peaks in the jerk-time profile and more activation of the gas and brake pedals during the deceleration) also suggests difficulties in estimating the distance and the time of arrival at the stop line.
Recent motor control models propose that visual information can be used continuously to amend the arm trajectory with minimal jerk and time cost. Based on prediction mechanisms, the adjustments are smoothly imbedded in the trajectory allowing overcoming the neural delay in processing visual information. However, when predictions are less accurate, the close-loop control must be relied on and is weighted strongly 38 . Inherent to the close-loop control, is that the feedback from the response (i.e., visual flow from the braking in the current study) is processed following long sensory delay. When the desired state is not reach (e.g., proper deceleration rate needed to stop precisely at the intersection), a novel response is implemented. Any additional adjustment to reach a desire state requires additional pedal activations and increases the jerk. This suggest the MS group might have had more difficulties making accurate predictions, suggesting that participants in the MS group relied more heavily on close-loop control than participants in the LS group. The participants in the MS group also exhibited more variability in estimating the time to reach the intersection -interpreted as poor predictive efficiency -which also supports this interpretation. In accordance, larger incidence of simulator sickness found in older participants might be related with decline in motor prediction ability that is observed with aging 39 .
Adaptation processes
Through repeated exposure to the simulator (5 sessions), the VAS and the SSQ total score decreased gradually from pre-test to post-test for the MS group, but remained slightly higher than scores observed for the LS group for the posttest. The decrease in VAS and SSQ scores can be interpreted as evidence of an adaptation (i.e., alleviating the simulator sickness symptoms). Unexpectedly, however, we found little support suggesting this adaptation was associated to any change in postural stability and braking smoothness. For the four variables analyzed (time to reach the intersection, time of deceleration, spatial error and number of peaks in the jerk-time curves and number of gas and brake pedals activation), the MS group did not show larger improvement than the LS group (none of the interactions of GroupxSession were significant). Strikingly, however, a larger decrease in variability was observed for the MS group for 3 out of 4 variables (time to reach the intersection, time of deceleration, and number of peaks in the jerktime curves). Because the variability was calculated on five intersections, the larger variability observed for the MS group might result from outlier data. However, none of the participants showed outlier data (that is, a value above 1.2 standard deviation from the mean), regardless of u l a t o r s i c k n e s s i n o l d e r d r i v e r s the variable. Rather, it seems that the larger variability for the MS group originated from participants producing more variable responses across intersections. In the same vein, reduction of variability with exposure likely resulted from participants producing more consistent responses on the different variables.
S i m
If we assume that a sensory conflict is at the basis of the simulator sickness observed when driving in a fixed-based simulator, adaptation to simulator sickness might not exclusively involve the acquisition of new braking responses or new driving behaviors. When the central nervous system faces conflicting sensory information, sensory adaptation sometimes consists of selectively suppressing reafference (i.e., sensory feedback) [40] [41] [42] . For instance, the deactivation of the parieto-insular vestibular cortex (i.e., cortical area responsible for vestibular perception) was observed in presence of visuo-vestibular conflict (i.e., circular vection 41 ). Conversely, a significant deactivation of the visual cortex was found during vestibular stimulation 43 . Known as the reciprocal inhibitory visual-vestibular interaction, this mechanism might protect visual perception of self-motion from potential vestibular mismatches caused by a simulated environment. As well, this mechanism could allow the perception of self-motion to shift from one sensory modality to the other. Although visual information is not perfectly suited for deceleration control, inhibitory visual-vestibular interaction might permit to weight more importantly the visual information when driving in a simulator and, thus, alleviating the mismatch between expected and actual sensory information. This transitory state might allow attenuating the symptoms.
Prevention of simulator sickness
In order to reduce simulator sickness symptoms, the simulation sessions were design according to previous recommendations 44 , such as, the simulator room was maintained at a relatively cold temperature (19.5ºC ) and the presentation of the visual information was refreshed at a rate between 25 to 30 Hz. In addition, before each session, participants were asked if they were in their usual state of fitness (that is, not suffering from a cold or flu, hangover, etc.). Although several strategies were used to reduced simulator sickness incidence, the long exposure to simulated environment used to evaluate multiple driving behaviors increases the chance of severe discomfort 45 . Therefore, new protocols should be developed to reduce simulator sickness symptoms and to identify participants who will be more prone to be simulator sick. In the present study, we were not able to discriminate between the LS and MS group by looking at the head movement characteristics when subjects were seated and driving in the simulator but observed that participants who felt more severe symptom exhibited a different pattern of deceleration. Future protocols should implement a short familiarization session that includes braking behavior, in order to identify participants who are more prone to feel simulator sickness symptoms when experiencing longer exposure. Because our results clearly show that repeated exposures reduce simulator sickness symptoms, as has been reported earlier 45 . A stepby-step training should be implemented for those participants who are more susceptible to feel pronounced discomfort to longer experimental runs. This will allow some adaptation and a decrease of the symptoms before longer experimental runs are presented. Such procedures, although they require several visits from the participants, might offer a new opportunity to prevent/reduce withdrawal of participants in driving simulator experiments, which is known as one of the major factors limiting the widespread use of simulator. To some extent, this adaptation process could be to driving simulator what is known as getting one's sea legs when boating 46, 47 .
A popular view that is generally accepted is that the virtual environment should coincide with the reality to reduce motion, simulator or cyber sickness 44 . Recently, however, it has been proposed that inducing incongruence between the virtual and the real world environment yield less severe visually induced sickness symptoms 48 . For instance, sickness symptoms were less pronounced when the external field of view (visual angle between the observer and the screen) did not coincide with the internal field of view (graphic field of view of the real scene) 48, 49 . Furthermore, in Bos et al. experiments 48, 49 , a more natural perception of walking speed of 5 km/h was reach when the simulated walking speed was set at 13.6 km/h. This suggests that introducing a gain between the speed at which the visual information is presented in the simulation and the reality might contribute to reduce sickness symptoms when driving in a simulator. For instance, when pressing the brake pedal, the visual deceleration could occur faster than in the real world. However, it is not known whether inducing a difference between the virtual environment and the reality during practice in a simulator would impairs the transfer of driving behavior to on-road driving. Obviously, more research is needed to explore different strategies to reduce simulator sickness and their impact on the on-road driving transfer.
conclusion
In the present paper we found evidences that participants who were more sensitive to simulator sickness showed distinct behaviors while S i m u l a t o r s i c k n e s s i n o l d e r d r i v e r s braking at intersections. Through exposures, symptoms associated with simulator sickness were reduced and this was accompanied with a reduction of variability in braking related variables. However, we found limited evidence of braking response adaptation and changes in postural stability. More gradual exposure to simulated environment might be required before evaluating the driving performance of individuals prone to simulator sickness.
